REF ID:A65609 



AhLI hEKVICE iOHCES 
Signal corps ihGistERiNG LAaouAiums 
COLLo SIGNAL LABOBATOM 
BED BANK, Ntn JERSEX 



11 October 1945 



BEPQhT OF »IBP auiik.«» gLjmy 

SrAlLuEjl Oif ^BOBl FL . Zt is the objective of title committee to outline a 
program for the development of facilities for transmission of telephone and 
telegraph signals and other forms of Intelligence over wire lines in the 
Army communication natonrlr, Tr jhi« connection, there is a further require- 
ment that the signals transmitted over the viro lineB shall be capable of 
v>«tx a asss!ission by other transmission mediums, particularly radio without 
additional complicated equipment or operating procedures* The following 
general types of equipment and facilities are required for solution of this 
problem. 

1. Wires and cables to serve as a transmission medium. 

B. Equipment and tools for installation and maintenance of the wire 
lines. 

C. Station equipment for conversion of intelligence to and from 
electrical energy. 

D. Switching equipment suitable for interconnecting all similar 
communication channels. 

E. Transmission equipment for greater utilisation of the transmission 
medium. 

ADVANCES 1AJRIHG >jOBlD rtAR II. During the time between the opening of the 
European ..ar in 1919 and the United States' entry In 1941, many significant 
developments were made in the Amy wire communications equipment. The ex- 
ploitation of mobile warfare by the Germans with the greatly increased 
distances for wnich communications were required placed great emphasis on 
the ncod for better transmission. During this period, all presently avail- 
able carrier telephone and telegraph equipment, spiral-four cable, the two- 
wire repeater EE-89# end the four-wire Repeater EE-99 wore developed. Improved 
construction methods ouch as rapid pole line construction end tne develo unent 
of tue cablo plow were also consummated, but were never generally accepted 
for use the field. Subsequent to tne United States' entry in tue war, no 
general advance in tue art of wire communication was m..de, most >i the efiort 
be in** expended in a search for cubs ti tubes for critical materials, improve- 
ment of the performance of the equipment by changes in mechanical and 
electrical design, and the moisture and fungiproofing of equipment for use 
in tne tropics. Prior to the cessation of hostilities, a number of new 
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projects were authorised, some of wnich arc aoproachJLng completion such 
os hifji speed coils, lightweight field wire, a new field switchboard, and 
a lightwei^at teletypewriter. Other projects have more recently been 
authorized, and no significant progress has been made to date. These 1 
projects are included in the general discussion of required research 
and development outlined in otiier parts of this report. 

III. PhEBEUI STATUS. 

A. General . There are a good many items which comprise tho list of 
wire communication equipments. Many of these are adapted from the commercial 
field with little or no cnange in deBign, either because of liar Department 
policy, ■ lack of development funds or lack of time to prosecute development. 
This has resulted in some equipment being extremely heavy and bulky for 
military use, particularly when man-packed or used by p.iraohuto troops, 

and has aggravated the supply problem because of the necessity fo.:- using 
n on-in terchnngeable parts made by different manufacturers for the same 
piece of equipment wnen expansion of the sources of supply became necessary 
In wartime. In addition, a groat many wire equipments of various designs 
and makes were bought far use in the fixed plant. All this equipment was 
handled by the same supply organisations and as a result, the number of 
parts wnich were kept in stock was enormous. It is believed that this 
trend has been roeognizod and in the future, development of equipment which 
is suitable for both fixed plant and tactical use will be made wherever 
possible. Discussion of the present status of the various classes of wire 
communications equipment follows. 

B. Wire and Cable. 

1. The major standard items of equipment are as follows; 

a. Hire W-130-( ), lightweight assault wire for forward use. 

b. Wire 5Y-11Q-B, general purpose field wire. 

c. Wire A-143, long distance field wire. 

d. Gable Assembly CG-358, spiral-four cable. 

e. Cable WC-534 and vTC-535, five and ten-pair cable used as an 

entrance cable for field wire lines at command posts, and other concentrations. 

> 

2, The development of lightweight field Wires ND-1( )/TT and 
YfD-14( )/n is rapidly approaching completion. These wires employ new 
Insulating and protective materials and have the range of present field wire 
with about 2/3 of the strength and 1/3 of the weight. 
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3» It io significant taat all wires listed are suitable only for 
Yoice-froquency transmission* except spiral-four cablo trtiich is satisfactory 
for transmission of frequencies up to 16 Ita or 4 or 5 voice cbasnele. 

C. Transmission Equipment. 

1, Vie following major items of equipment are now standard in 
tills category* 

a. Carrier telephone and telegraph equipment of the CP series. 
Ibis equipment provides four telephone channels for transmission over spiral- 
four cable on a four-wire basis or over open-wire lines on a two-wire basis 
and is capable of utilizing any voice channel to derive six carrier telegraph 
channels. 



b. Repeater EE-89* two-wire* battery operated* 21- type voice 
repeater for field lines. 

c. Repeater EE-99* four-wire battery operated* voice repeater 
for field lines. 

d. Repeater TP-14* two-wire battery or power operated* 22-type 
repeater for general use. 

e. Telegraph Terminal 4B-1( )/TCC-l, equipment wnioh provides one 
carrier telegraph channel in the middle of any voice channel while retaining 
the use of the latter. 

f. Telephone TP-9* telephone set with vacuum tube amplifiers for 
both talking and listening use on extended field lines for point-to-point com- 
munication. 

2. It ie significant that a maximum of four voice channels can be 
placed on field facilities with these equipments. Voice-frequency communica- 
tion Is 8 till exclusively in the lower echelons. 

0. Line Equipment . A large number of items arc included in this class 
of equipment including* reels* reel units* cable hangers* poles* pole hard- 
ware, crossaras, insulators* linemen's personal equipment* etc. For tactical 
line construction in forward areas* Axle KL-27 and Reel Unite RL-26 and RL-31 
are the main items of equipment used. Field wire is extensively used for 
ties. In pole line construction* the methods and equipment used for rural 
telephone lines in this country* such as Class 9 poles and Truck K-44 pole 
setting equipment* are still in use by the Amy. Trucks K-43 and K-44 are 
still listed as standard items on Tables of Equipment. However, experience 
in the European Theater indicated that these trucks were not satisfactory, 
e ita or as a motor vehicle or ae a piece of Signal Corps equipment. At the 
close of the war in that theater* one Field Army had discarded both vehicles 
referred to in favor of the standard 2-1/2 ton* 6x6. Rapid pole line and 
multi-airline construction methods using structural timber havo been used to 
a limited extent. Plow-in methods using Plow LC-61 or a modified plow* were 
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employed large^r on an experimental scale. However, it is felt toat there is 
a very definite opportunity for development in tnis reapoct. Overall trunk 
line construction equipment remains too bulky and heavy, and truck line con- 
struction methods are cumbersome and far too slow. 

E. Telephone Switchboards and Station Equipment. 

i. fl&qrtffw gyiWwdfl,, 

a. All present standard telephone switchboards are of the 
manual type. The major telephone central office sets and switchboards now 
standard are listed below) 

(1) telephone Central Office Set T0-10. LSajor component 
Switchboard BD-110. Capacity a maximum, of 6 poB_ uions 
with 4 trunks, 60 common battery and 30 magneto lines 
per position. Used at Any and Army Group. 

(2) Telephone Central Office Set TC-2. Ifiajor component 
Switchboard BD-89, Capacity a maximum of 2 positions 
(non-multiple) with 40 common battery, 20 ratine to 
lines and 4 trunks per position. Used at Corps, 

(Ibis set was recently replaced by Telephone Central 
Office Set AN/TTC-3. lain component Switchboard BD-120. 
Capacity of 3 positions with 30 common battery and 30 
magneto lines and 8 trunks per position.) 

(3) Telephone Central Office Set TC-A. ifiajor component 
Switchboard BD-9o. Capacity one position with 40 
magneto lines. Used at Division. 

(4) Telephone Central Office Set IC-12. Major component 
Switchboard BD-91. Capacity one position Tilth 20 
magneto lines. Used in echelons below Division and 
in AAF units. ' 

(5) Switchboards 13D-71 and BD-*?2. Six or 12 line mono cord 
field switchboards used at Regiment and Battalion 
levels. 

(6) Switchboard SB-18/CT. Very small, emergency, six 
line field switchboard, using Adapter Plug U-4/GT as 
line unit. Telephone EE-8 is used as the operator's 
set. 

b. It will be noted that there are four different types of 
the larger telephone central office Bets, idost of these type 6 are made by 
at least three different manufacturers. Component parts of the switchboard 
made by one manufacturer are rarely interchangeable with those made by 
another. As a result, the component parts of all manufacturers must be 
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kept in stock separately. It will also be noted that the heavy, bulky field 
Switchboards BD-71 and BD-72 were designed about revamped Ttarld - ar I switch- 
board units in what was thought to be an economy move at the time because of 
the large stock on hand. Fortunately this board will soon be replaced by 
Switchboard SB-22/PT, an eight-line lightweight field switchboard of the 
paten cord type wnich 1 b less than l/2 of the weight of the present switcliboard. 

2. Telephone Station Seta. 

a. The major items of equipment now standard and in use in 
this category follow. 

(1) Telephone EE-6, standard field set with leather or 
canvas case, capable of being operated on either 
local battery or common battery lines, employs 
Handset TS-9 and derives power from two Batteiies 
BA-30. 

(2) Telephone IP-3, this telephone 1b similar to Telephone 
EE-6 except that it uses handset IS-10, sound-powered 
type. 

(3) Telephone TP-6, a standard commercial desk telephone, 
with certain minor changes to make it adaptable for 
Army use. 

b. The performance of this category of equipment has been 
generally satisfactory, except that the handsets in general do not fit well 
under the u.-l battle helmet. 

r 

F, Tglqfflctiph, ftWAflP. ^qjppenti, One of the major 

advances in wire communications during this war waft the greatly expanded 
use of the teletypewriter for communications. The speed, accuracy, and 
dependability of this type of communication by any me thud of transmission 
has been a very important factor in the efficiency of communication systems. 

1. Telegraph Switchboard Equipment . Telegraph Central Office Set 
tC-3 with its major component Switchboard BD-100 ,/as generally and widely used 
in the field. Hie switchboard operates on a neutral basis with 10 line capa- 
city. Three switchboards Lay be operated together to give a total capacity 

of 30 lines. 

• 

2. Telegraph Station Equipment . Items of equipment in this category 
which are now standard follow. 

a. Telegraph Set TG-5, a small, manually operated, telegraph set 
for transmission of international Horse code. Tdth the advent of the tele- 
typewriter, the use of this set has greatly declined. 
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b. Teletypewriter Beta E&-97-A and EE-98-A. Principal component 
Teletypewriter TG-7-( ). This ia the Teletype Corp. #15 Printer with standard 
keyboard adapted for Army use. It is very generally used in all echelons from 
Division upward and in fixed plant. 



o. Teletypewriter Set EE-102 . Principal component Teletype- 
writer TC-37-( ). This equipment is similar to the TG-7-( ) except that a 
meteorological keyboard ie employed. 



d. Reperforato r Teletypewriter Set TO-lfr . Principal component 
Reperforator Transmitter TG-26-( ). This component consists of two units, the 
printer reperforator for preparing the tape either by local keyboard operation 
or from received lino signals, and a transiJLtter-distributor for transmitting 
the prepur od message over the line. Used quite extensively in the fixed plant 
at teletypewriter centers and to a limited extent at Any Headquarters and 
higher echelons, although not authorised equipment. 



e. Repeater bet TC-I8. Major component Repeater TG-30. Polar- 
ential type d-c terminal telegraph repeater for extending teletype- 7ri tor opera- 
ting range on field and open-wire lines and also to interconnect U. S. and 
British telegraph equipments. 



f. Repeater Set TO-19. Major component Repeater TG-31. Polar- 
ential type d-c intermediate telegraph repeater for long field and open-wire 
lines. Hay be operated on attended or unattended basis. 

IV .CDEHEMI IKEflD OP DEVELQPUflT. Developments now in progz-ees were initiated 
whan the emphasis ias placed on the Pacific War and reflect the lessons learned 
in that war. In general, emphasis is placed on lightening of equipment because 
of the necessity for man-packing much of tbo equipment used in this tl tenter. 

As t ijht be expected, there nos been no call for new or radical departures 
from present oourunication systems since the introduction of such metajda in 
an already satisfactory system in the uiddle of a war would bo difficult, if , 
not impossible. Description of the devolo,xnents now being prosecuted follows . 

A. High Sneed Coils. The desire to eliminate trie clumsy, cumbersome, 
reels and zed units required in laying out field lines resulted in the init- 
iation of the development of high speed coils. A hi£h speed coll consists of 
a precision layer-wound coil of field wire inolosed in a lightweight container 
and wound in ouen a manner that the coil may be unwound from the center with- 
out rotation or use of other auxiliary equipment. By this method wire may be 
laid at hign speed from a plane or at low speed from a-paokboard or a soldier's 
back with equal facility. This method of packing wire has beext successfully 
applied to l.ire W-130 of all types wuioh in this form is packaged in Yilre 
Dispenser 11X-301/G. Prior to 7-J Day, there was limited production of title 
dispenser for field use. It 1 b believed thut the method otm be generally 
applied to field wires and cables and it is now being investigated for 
application to field Wires KD-1( )/TT and KD-14( )/TT, will oh will be pack- 
aged in 'litre Dispenser UX-306/G. 
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B. nii'ea fl)-l( )/IT and bD-lAf )/TT. Development of these wires was 
initiated to provide a replacement for VJires Vf-UO-B und *J-130-( ) in the In- 
fantry Division, They employ a new, more efficient, lightweight insolation 
with a thin, extruded plastic or braided cover. Talking range is equal to or 
slightly better than field Hire Vi-llO-B with l/3 inn weight and 2/3 of the 
strength. In range, strong tn, and durability, it far exceeds wires of the 
Tr-130 type with relatively small increase in weight. Thoee wires have been 
standardised and same production of Wire WD-1( )/TT was obtained prior to 
V-J Day. 

0. SHitonbgp^d SB-aa/PT- As mentioned above, the present standard 
field Switchboards BD-71 and SD-72 were designed about switdhbcKurd units of 
World t«ar I vintage. They were extremely heavy for man-pack and as a result 
development of Switchboard SB-22/PT, an eight line, patch cord type board 
was autharisedo Present indications are that the board will be about l/2 
the weight of the present switchboards on equivalent functional basis, 
latest advances in' component design end moistureproofing techniques are 
being incorporated. 

D. Teletypewriter TT-A/TG. As mentioned above, present teletype- 
writers in uso in the Any networks are standard Ooumeroial machines adopted 
for military use. Their bulk and weight prevents man-pack and restricts 
use to the higher echelons. Development of Teletypewriter TT-4/TG was 
authorised to produce a machine which was especially designed for Any use. 

By complete mechanical redesign, simplification, doptlon of new techniques 
and elimination of certain extraneous features not needed In Any circuits, 
a considerable redu ct ion in weight has been found possible. Development Is 
well underway and from present indications, the completed machine will weigh 
only about 25jt of the weight of the present standard Telet yp e wr i ter TG-7-C )• 

V. BE.. hhX.iJlA'iUibMTfl A??AKuiT AT CLOSE Or 1 t«AK. The potentialities of i/oapons 
under development at end of Vorld iJar II are such that the future of military 
tactics aunnot bo foretold with any degree of assurance. It is obvious thut 
the processes of war will be I'm onsely speeded uo, f*nd that the scope of 
actual aumbat will not be localised, Military developments in t. e D. S. Army 
during - or Id j«ar II were. all In the direction of higher specialization in 
fields toward the end of enormously increasing the amount and the mobility of 
destructive fixe power per combat unit of both land and air forces. There was 
a correspondingly great increase In the requirements for communication far 
plannin g and effecting the coordination and control of the highly specialised 
elements Involved In supplying and delivering this fire power. Every present 
indication dearly points to a future course of greatly Increased toebn i 
specialisation, greatly increased destructive capacities and highly complex 
technical defensive and offensive systems. The oonoomitant need for greatly 
increased capabilities for communication and data transmission are inevitable. 
Accordingly, the trend of military communications must bo toward a flexible, 
high grade communications system whiah affords the greatest number of ahnmn .1 ■ 
for the transmission of intelligence id the shortest Mum* over any til stance 
and between any given points. Further, tne equipment involved must be 
lighter, smaller, more durable, and so designed that it is possible to rapidly 

interchange end multiple units for the most efficient operation as the situation 
changes. 
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A. the Communloatlonfl System. A discussion of the requirements for 
the future communications system nnd the various classes of wire communication 
equipments as they now appear follows, 'uith the growth and aise of toe Any 
and greater interdependence of one unit on another, the vast amount of material 
required, and the increased movement it has become more and more imperative 
that all co— ami cations be Integrated into a complete system. The following 
are suggested requirements for such a systems 

1. Complete integration of wire and radio communications in a single 

network. 



tfew-wire or equivalent four-wire operation of ell trunk (ions 
distance) circuits either wire or radio. 



«« Fou ^' ,l, J r « w B »ltcfaing of trunk oirouits at all switching centers 

6 ° lrcuite “y be established over longdistance 

that all circuit, m? b. IntvoomMted ut,«Ul on s 



A* Design of equipment to be such that a standard terminal Impedance 
will be used, euoh as 600 ohms, the noise generated in the equipment will be 
less than 15 dbro, the distortion of the system less than (me percent, the 
frequency response substantially flat over the operating range, radio receivers 
capable of delivering an output of plus 10 dbm and radio transmitters capable 
of accepting signals from minus 30 to 0 dbm with full modulation. 

5. A tone source end transmission measuring equipment to be provided 
with all radio Bad wire trunk terminal equipment and at other points In the 
system wuero transmission levels are important. 

6. Eliminate diroot current chon Aver possible and particularly on 
all circuits that require switching. 

7. Local loops, both wire and radio, be operated on a two-wire basis* 
In connection with the operation of local radio loops, the folio /.ln^ require- 
ments rre sug^'ssteds 



a. Operation to be full duplex on a continuous or intermittent 
basis. Intermittent full duplex service is defined as that type of operation 
in which the transmitter is under control of the switchboard operator. 

b. A single remote control unit be developed to aocoitplish tLis 
tyue ox' service with no change in the usual telephone operating procedures 
and without substantial change in the switchboard. 

b. ill or ever practicable equipment should be assigned to serve both 
in tue fixed end tactical plant, thus simplifying maintenance, supply, train- 
ing and operating problems. 

B * Wire jand Cable. The equipment which provides the transmission medium 
between switchboards of a wire communication ays tern constitutes the major weight 
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and volume of such a system and consumes, in its installation end maintenance, 
a high percentage of the man-hours necessary for the overall operation of such 
a system, it is imperative, therefore, tost this equipment he radically la- 
proved. The following objective a should be Jcept in nlndi 

1. Reduce the else and weight of these facilities ty employing acre 
effioient conductor p insulating and protective materials end by employment of 
new design methods. 

2. Reduce the volune of these facilities required by improving 
message oanying ability in conjunction with new items of transmission equip- 
ment. This resolves itself fundamentally into increasing the usable frequency 
pass band. Zt is desirable that the facility be capable of passing video or 
other television signals as well as conventional communication frequencies. 

3. Improve the durability of these facilities Insofar as possible 
without substantial sacrifice of electrical properties. 

C. Line Equipment . The construction and placement of wire lines is a 
development field where new methods would be of great benefit in the overall 
wire communication system. With improved methods, the amount of wire and 
cable required would be reduced and the reliability of the system increased. 

Some of the apparent requirements for developments In this category follow. 

1. Devise methods for placement and construction of wire lines wall 
off travelled roads. The method devised shs.il not endanger construction per- 
sonnel by requiring them to work at sides of roads where mine fields are often 
present. Also, it shall not open new trails or roada through the use of a 
large vehicle in the construction work. 

2. Improve security of wire lines from the effects of engineer* s 
construction equipment, bombings, shell fire and vehicles. 

3. Increase the speed of placement and construction of llxiqu con- 
sistent with security and reliability. 

4* Reduce the false and weight of the equipment required, particularly 
reels, reel unite, plows, eto. 

i 

5. Eliminate open-wire lines as a transmission medium, thus reducing 
the amount end bulk of Jine construction equipment. 

6. Provide fault location equipment which gives speedy precise 
locations of trouble on the line, both when located in the field or at a 
central office. 

D. Transmission Equipment . This type of equipment was 'first extensively 
used in military communications during the war Just ended. It is apparent that 
its use will be greatly extended In the future because it reduces the amount of 
outside plant equipment required, improves the performance of the communication 
System and facilitates integration of wire and radio systems. Some requirements 
for equipment In this category now apparent follow. 
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1. Redaction in else and weight of equipment to permit man-pack 
through employment of new materials and techniques. This will make possible 
the extension of the use of this equipment to lower echelons. 

2. Employment of the unit principle to increase the flexibility of 
the equipment for use in both radio and wire applications. 

3. Znorease the message carrying ability of wire facilities by 
the development of carrier telephone equipment capable of placing any. num- 
ber up to 200 voice channels on a single fourvwire facility. 

4* Improve the quality of the voice channel by widening the frequency 
band, thus permitting the operation of a greater number of links in tandem as 
well as providing high quality circuits for special applications. 

5* Provide voice-frequency carrier telegraph equipment usable on 
any carrier telephone channel and capable of at least 100 v.ords per minute 
speed on each telegraph channel. 

6. Provide equipment for placing video or other television signals 
on the communication system. 

7. Investigate the possibility of utilising simplified carrier 
equipment on local' or command post telephone systems. 

E. Telephone Equipment . Requirements apparent at the close of the war 
for this type of equipment follow. 

1. A reduction in the number of types of switchboards by developing 
one universal magneto-common battery multiple switchboard capable of extension 
to a capacity of at least 1000 lines with as many positions as required by 
traffic considerations. 

2. An all magneto multiple board of approximately 40 line capacity 
is required at Division. This board should be capable of being multi pled for 
approximately 120 line capacity - 

3* The development of the lightweight field Switchboard &B-22/PT 
should be continued to meet the requirements for a light field switchboard. 

4* Components employed in the switchboards should be standardised 
in design so as to simplify maintenance and supply procedures. 

5. In every case, minimum size and weight should be achieved in 
both the overall equipment and the components employed. 

. F. Telegraph Equipment . One of the important advances in military com- 
munications in this war was the greatly increased use of the teletypewriter. 

As a consequence, the use of manual telegraphy in the wire system practically 
disappeared. Vith the development and employment of voice-frequency carrier 
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telegraph equipment, the use. of d-o telegraph transmission was confined in 
greater part to short loops. Proa these trendB, the following requirements 
for equipment in tills category were apparent at the close of the wart 

1. Development of teletypewriter for military use with greatly re- 
duced sise and weight and improvement in ruggedness. Development of such a 
teletypewriter will extend the use of this equipment to the lower echelonB. 

2. Development of equipment for extending voice-frequency telegraph 
operation throughout the telegraph system including the local loops. Devel- 
opment of such equipment provides advantages in simplified switching methods 
and transmission techniques. 

3. Development of an ultra-lightweight teletypewriter possibly of 
the tape type for use in the extreme forward areas with optional manual or 
electrical power drive. 

VI. KBQPIRED RESEARCH iJtD DEVELOPMENT . 

A. Proposed Communication System . In order to more fully illustrate 
the necessity for and use of the various types of equipment which are sug- 
gested for development, a system for their employment is illustrated in 
Figure 1 attached, and described below. The center of the system is the 
System Control Board which is essentially a four- wire and four-wire - two- 
wire patching board. All trunk circuits, wire and radio, would terminate 
in this board on a voice-frequency four-wire basis. At the board they may 
be extended to the local telephone or telegraph switchboard on a two-wire 
basis by means of a four-wire terminating set or be patched through to 
another trunk on a four-wire basis. The various voice-frequency trunks 
cmin&ting from the control board pass to carrier equipment for transmission 
over wire lineB or radio. The wire facility would be spiral-four cable 
where only a few channels are required and twin coaxial cable for a greater 
number of channels. Where coaxial cable is uaed it la also possible to 
transmit television or other video signals over the seme facility with proper 
equipment. The optional use of video filter equipment for this purpose is 
provided. It is anticipated that there will be a great need for rapid trans- 
mission of this type of information in air warning systems of the future. 

By proper operation of this system, it is possible to obtain a good 6 db 
loss circuit from the Pentagon to a foxhole command post in a far off theater 
if necessary. In other words, it seems to provide the necessary flexibility 
and quality which the best military communications of the future will require 
The individual components, development of which is required are discussed in 
the following paragraphs . 

B. System Control Board . As indicated above this will be essentially 

a voice-frequency patching board providing four- wire or four-wire - two-wire 
switching with auxiliary equipment consisting of four-wire terminating sets, 
voice-frequency ringing equipment and necessary test equipment. Two types 
of boards are envisioned as follows i 
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1. The system control board for the larger Installations, probably 
echelons above Division including the fixed plant* would be a flexible patch- 
ing board providing the necessary switching facilities and auxiliary equipment. 
The latter would consist of four-wire, terminating sets with a hybrid coil end 
other necessary equipment* voice-frequency ringing equipment for insertion in 
those two-wire lines requiring it and a panel of test equipment* inducting an 
oscillator and transmission measuring equipment. It is essential that the 
method of establishing connections be completely flexible and rapid end that 
the wire chief in charge be familiar with circuit condition and requirements 
at all times. This required flexibility must be taken into consideration in 
the design. 

2. For the lower echelons* a smaller version of this board is re- 
quired consisting essentially of a jade panel and patching facilities with 
the necessary four-wire terminating sets* voice-frequency ringing equipment* 
transmission measuring set and fault location equipment preferably in separate 
packages to facilitate transportation. 

C. Transmission Equipment . 

1. Carrier Telephone Equipment . Essentially it is required that 
carrier telephone equipment be developed which is capable of obtaining any 
number of channels from 4 to 40 or more for transmission over a single four- 
wire facility or suitable radio circuit. Two methods of achieving this 
objective* both of which should be investigated follow. 

a. Steo-bv-Step Group Modulation Equipment Method . In this 
method, (Figure 2)* there would be a bade four- channel unit with group 
modulation equipment for integrating three of these units to derive 11 or 
12 channels and further group modulation equipment to integrate three or 
four of the latter to derive from 33 to 46 channels as design limitations 
may dictate. The group modulation techniq ua msy be carried out further to 
derive a greater number of channels provided the transmission medium is 
capable of accommodating them. At present*’ a minimum of 40 channels Is 
the goal. Kith this method* the three different units of equipment are ex- 
pected to be about the same size. A description of the equipment development 
required follows. 

(1) Four-Char nel gar rter Telephone Equipment . This would 
serve as the basic unit in the system. It would serve 
to modulate the voice-frequency signals to cover a band 
from 200 to 16000 cps with 200 to 3900 cps band width 
per channel. Miniature design techniques would be 
employed as far as possible and package weight' would be 
kept to 40 pounds or less. Military characteristics for 
Telephone Terminal AN/TCC-3 recently submitted appear 
satisfactory for this item. 

(2) Group Modulator - 11 or 12 Channel . This equipment 
would serve to step-up the signals from three basic 
four-channel units to occupy successive bands in the 
frequency spectrum making it possible to apply 11 or 
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12 channels to & single four-wire or radio facility. 
Minimum weigit and else would, of course, be the goal 
in design including consideration of orystal filters. 

(3) - Lk Chenneia. This equipment would 

step-up the signals from three of the modulator equip- 
ments previously described to occupy successive channels 
in the frequency spectrum for application to a four- 
wire or radio facility. Minimum weight and siae would, 
of course, be the goal in design. 

b. FomyChani yri) Equipment Method. In this 

method, (Figure 3), the basic unit would be the four-channel unit described 
in subparagraph C-la(l) above. For stepping-up the signals from the basie 
unit to the proper place in the frequency spectrum a single type of modulator 
would be developed with variable carrier obc ilia tor and necessary plug-in 
filter units. This system has the advantage of permitting dropping of four- 
channel groups along the line with a minimum of equipment. However, the 
System requires close control to prevent interference and will require con- 
siderable administration. 

o. Video Filter Saul on on t. There is every indication that the 
transmission of television and otnar video signals to widely scattered places 
will be an essential requirement of' the Army tactical plan. For this reason, 
it is believed that equipment snould be developed which will permit transmission 
of these signals and communication signals over sod table communication trans- 
mission mediums. The equipment would consist essentially of line terminating 
equipment, modulating equipment, filters and broadband amplifiers, if necessary <> 

At first glance It appears that the most feasible method would place the video 
transmission in tne lower region of the frequency spectrum and the communications 
signals above it. 

d. Repeater Equipment. Aram present considerations, there are 
three types of this equipment required. All will be of the broadband, four-wire 
type. One will be required for each of the four-channel, 12 -charm el, and 44* 
channel systems; Means for dropping channels by bridging a carrier terminal 
unit at repeater points should be provided 0 Military characteristics for the 
four-channel repeater have been recently submitted. To decrease attendance re- 
quired on the 40-channel system, it is expected that power for operating repeaters 
will be transmitted on the line so that a power source will only be required at 
every third repeater. 

a. JkSfladSEBfflMM JSSJBteBL SfijflBMfe . Six-channel voice- 

frequency carrier telegraph equipment capable -of being applied to any channel 
of the four-channel basic carrier telephone equipment described above, or to 
other voioe-freqUency facilities is required. Design should be suitable for 
100 words per minute telegraph transmission. Military characteristics recently 
submitted for Telegraph Terminal AM/TOG-4 ere satisfactory for this development. 

In addition, it is believed that there is a requirement for equipment similar 
to present Telegraph Terminal TH-1( )/TC0-l (speech plus duplex)* With the 
anticipated development of voice-frequency telegraph operation, there is a 
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possibility that very simple equipment could be made to achieve this method of 
operation using the components of one channel of Telegraph Terminal AN/TCC-4 
when developed. With the wide frequency band in the carrier telephone channel, 
consideration should be given to operating this equipment at the upper end of 
the voice band. 

2. Voice-Frecmeno? he pea ter Equipment. For this type of equipment, 
investigation of methods of obtaining bidirectional transmission of intelli- 
gence without use of the balance principle is required. Voice relay switching 
and pulse switching of amplifiers are possible paths to follow. 

3. Voice-Frequency Ringing Equipment . A requirement exists for 
the development of voice-frequency ringing equipment for general use. One 
universal unit capable of converting low frequency ringing signals to a 
suitable voice-frequency signal for use in the two-wire portion of any tele- 
phone channel is required. This unit will be used with the System Control 
Board carrier telephone equipment when used separately, or any other voice 
circuit. Some investigation and coordination is required to determine the 
most desirable frequency for ringing signals in the voice band. 

4' Transmisdon Measuring Equipment, This type of equipment is 
very necessary for proper operation of the system. The Signal Corps has 
neglected operational test equipment in the past considering that testing 
was primarily an equipment repair problem. This is far fro® true since 
proper setting for operational controls is dependent on transmission loss 
of the circuit which is best determined by measurement on a transmission 
measuring set. Fortunately present carrier telephone sets incorporate such 
equipment. A single tone source and transmission measuring set is needed 
in titie test panel of the proposed Systran Control Board. A compact, portable 
version is required for general use. For circuit maintenance, the develop- 
ment of a continuously variable voice-frequency oscillator and recording 
transmission measuring set would be a desirable addition. 

5. Research. The following general research is desirable if 
advances are to be made in this type of equipment* 

a. Expanded use of electron tubes as basic circuit elements. 

b. New filter methods* 

c. ' Investigation of new methods of modulation to determine if 
they are better adapted to message security. 

D. Wire and Cable, Based on the requirements of the system outlined 
above, three types of facilities appear to be required. Coaxial cable for 
ide band multi-channel and video transmission systems, spiral-four cable 
for four and 12 channel carrier telephone transmission, and field wire for 
voice-frequency transmission over local extensions. The discussion of the 
equipment required for development follows. 
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1. Coaxial Cable » To transmit tbe wide band of frequencies eoatem- 
plated in the system, a twin coaxial cable or two single coaxlel cables Fill be 
required. It la anticipated that it *111 be of the solid dielectric type con- 
struction rith suitable conductor , insulation, shield and covering, Attenuation a 
of about one end ooe-helf db per 1000 feet at one megacycle with a ecble of 
approximately .3 inch is no w ooaoible. Oils would give a repeater Boacing of 
between fire and six miles and with power transmitted through tbe cable to 
adjacent repeaters, attended repeater spacing would be approximately 15 to 

20 mile a. Constant impedance connectors are a necessity for joining two 
lengths of each cable* Considerable development ia required on this item. 

It la anticipated that cables of this type with their euocrlor neeeage handling 
ability end inherent stability will r solace ooen wire construction in the 
Army of the future. It will be suitable for both the tactical and fixed 
plant end capable of aerial, surface or subterranean placement* Military 
characteristics recently submitted for coaxial cable soccer to be satisfactory. 

/ 

2. 8olrw 1-four Cable . Where transmission ia confined to frequencies 
in the lorer osrt of the sooctram, field cables of the spiral- four type ere 
more efficient per unit of weight than coaxial types. From present considera- 
tions, it appears that two types of this facility may be required. 

a. Tbe first type, an ultra lightweight cable would be Intended 
orimarily lor use within the division end would have a frequency pass bend 
suitable lor transmitting four-channels of tne carrier t-^-wjhone system. In 
this connection, it would replace field wire for use on the trunk circuits 

in the division. It would probably be advantageous to employ loading colic 
with tills facility considering the relatively low cut-off frequency required. 

This would be provided in the connector associated with the ceble. 

b. The second type, a lightweight spiral-four cable, would be 
employed for transmission of 12 channel carrier telephone systems between 
Corps end IM vision. Inasmuch as the cut-off frequency le considerably higher 
then in the previous case, it ia doubtful that efficient loading can be pro- 
vided. however, connectors for joining two lengths of cable together rill be 
required. 

3. Field Tllre . At the prerent stage of the art, it appears that 

a wire of the TD*1( )/TT or TO-1A( )/lT type when fully developed baa ell tbe 
necessary cheraeterietiee for use in local loops end extended forvtrd area 
operations on a voice-frequency basis. Continuation of the development of 
these two types of wire, it ia believed, will fulfill the requirement* for 
Amy field wire. 

J 

A. Fc search . In view of the large volume of this material consumed 
during war time, it is essential that a- continuing &tudy on insulating, con- 
ducting and protective materials be made In order that advantage can be taken 
of such im 'rove monte in the art ns are node and in order flat the A ray may 
be familiar rith *11 ai u il nr materials which may be proposed as possible 
substitutes. 
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